Over the past two decades, policy changes at the national level have created an increased focus on science-society relations. An example in the United States has been a subtle but significant shift in the foundational principles of the National Science Foundation (NSF): rather than assume societal benefits directly flow from support of science and engineering, the NSF now explicitly seeks to create knowledge that benefits society [1] [2] [3] [4] . To achieve this goal, the agency moved in 1997 to adopt the Broader Impacts Criterion (BIC) to review grant proposals [5, 6] . Similarly, the 2007 America COMPETES Act increased ethics education requirements for graduate students and postdoctoral fellows without specifying content [7] [8] [9] [10] . While these policy changes require scientists and engineers to practice science and engineering in new ways that engage ''the public'' and benefit ''society,'' few institutions provide physical spaces for crossdisciplinary contact and intellectual space for figuring out how practically to achieve these ends [10] [11] [12] [13] . The spaces that do exist tend to focus on meeting relatively narrow and instrumental ends-teaching professional conduct and making sure mandated ethics courses are offeredrather than doing the more fundamental work of discerning the specific ways in which science and engineering research connect to societal issues and public concerns.
Within these new policies, however, we note an unexpected and underexploited benefit: where there is a mandate with little guidance, there is also an opportunity to innovate. We offer the University of California Santa Cruz (UCSC) Science & Justice Training Program (SJTP) as one example of the kind of space that is made possible by the current policy focus on creating closer relationships between science and engineering and the people they intend to serve. The SJTP has taken an innovative approach that: (1) emerges from specific research practices; and (2) expands the set of considerations that qualify as scientific responsibility [15] . In this Community Page, we lay out the main components of this approach: creating legitimate institutional space where the links between science and engineering and questions of ethics and justice might be explored; encouraging students to ''slow down'' to investigate these questions on the ground; and supporting collaborations that arise organically from common concerns.
Creating Legitimate Institutional Space
Funded through an NSF grant awarded to UCSC in 2010, the SJTP is a graduatelevel research and education program that trains science and engineering students alongside students of social science, arts, and humanities to respond to the ethical and social justice questions that arise in their research. Rather than treating justice as a concern to be tacked onto an already formed research project, SJTP graduate fellows are provided with fellowship funding and faculty mentorship that supports them to explore questions of ethics and justice as they arise in their research. They enroll in two seminars, one that emphasizes different models and approaches to the science/society interface, and a second that introduces them to interdisciplinary methods they can use in their own projects. The SJTP encourages collaboration among graduate fellows, faculty, and research staff from across the University's academic divisions as well as those outside the University with interests in the student's research area. Located under the auspices of the Science & Justice Research Center (http://scijust.ucsc.edu), the SJTP is synergistic with the Center's other efforts: the Science and Justice Working Group, in which faculty, students, and members of the public gather to address problems and issues of common concern, and monthly ''Cocktail Hours'' during which fellows can discuss their progress and challenges as they develop their SJTP projects. The Center itself also provides physical space conducive to these interactions.
Foregrounding Justice
The space, funding, and institutional recognition of the program give fellows the opportunity to reorient their research questions, methodologies, and goals around questions of science and justice. Fellows receive institutional support for projects that might be more difficult to fit into a traditional PhD program. For example, two fellows are part of a physics laboratory working on developing solar greenhouse technology for industrial-scale agricultural operations. The luminescent greenhouse windows contain strips of solar cells that allow photosynthetically active radiation to pass through, while absorbing and converting other wavelengths to electrical energy. Using these luminescent panels, a farmer could produce the energy needed to run the infrastructure of the greenhouse (e.g., fans and electronic sensors and controls). Rather than having the technology solely target industrial agricultural outfits, these fellows planned to develop the technology for concurrent use by small-scale organic farmers. Using skills developed in the SJTP's research methods seminar, they interviewed smallscale organic farmers to explore possibilities for transferring the technology to them for their use. They found, however, that these farmers had deliberately avoided high-tech approaches and were thus not motivated by the solar cell technology the way that the fellows originally envisioned. The SJTP fellows then reconsidered which publics might benefit from the project, including educators. The greenhouse project will be used by the fellows as an educational tool for students to learn about sustainable agriculture and nutrition as well as properties of light and color under the luminescent solar concentrating roof.
This iterative process allows SJTP fellows to think about how different publics relate to new science and technology on the ground, and to adjust their expectations and projects to the practicalities of their collaborations. This approach differs from that usually taken when addressing the BIC of NSF grants. In many instances, when researchers write the section of their grant on the broader impacts of the research, they assume rather than investigate who makes up the publics of their research, and what they want from science and technology [2, 5, 9, 11] . By investing time into forging interdisciplinary skills and intellectual relationships, the SJTP creates room for researchers to test and reformulate their ideas about their project's connections to public constituencies and their values. What counts as a ''broader impact'' and a contribution to a more just world is not known in advance, but can emerge through this process of collaboration and experimentation [13, [16] [17] [18] [19] . While this effort can be hard work, with frictions and dead ends along the way, the results are much more satisfying and effective. Helping students to learn how to respond to complex and changing contexts prepares them to work responsively and responsibly, as well as to take part in a more open approach to engagement that the previous comment in this series argued is ultimately more productive [20] .
Slow Science
One central way that SJTP supports this new approach is by creating a space for fellows to ''slow down'' to explore different possibilities for developing their projects. SJTP's 'slow science' responds to the pressure on academics to ''publish or perish,'' to move quickly through projects, and to be efficient and cost effective [21] [22] [23] . While efficiency will continue to be an important value in responding quickly to pressing social and scientific concerns, speed must be moderated by attention to issues of justice at every level of the research project: the initial framing of research questions, the methodologies used, the analysis of results, and the ongoing attention to the public implications of the research project [24] . The working premise is that the ethical and social justice issues cannot be known in advance but must be explored in each project individually; students learn by doing. SJTP offers fellows opportunities to try things out that might not work, labor through frustrations, and feel the freedom to do uncertain and experimental work outside of the ''fast-track'' of a structured PhD program. At the same time, the program is structured to support students in continuing to progress with their doctoral research projects. The directors purposely avoid adding too heavily to their significant research commitments and responsibilities while encouraging them to use SJTP activities for career building.
Slowing down the research process also allows fellows to connect with public concerns and build stronger ties with specific communities. For example, one fellow working on governmental public participation projects in environmental remediation heard citizen participants express the fear that science is being ''fast tracked,'' with projects rushed through without proper citizen evaluation or environmental review. Despite the implementation of several federal initiatives that aim to involve communities earlier and more effectively in the remediation process, many citizens participating in these programs stated that they believed they had limited influence on decision-making. As a response, the fellow designed her SJTP project to produce a policy report written collaboratively with key informants from the public that addresses the institutional barriers that may prevent meaningful citizen participation.
Collaboration
A guiding principle of the SJTP is that no one person or discipline has the expertise to determine the conditions of scientific responsibility; thus, collaboration across traditionally distinct disciplines and realms of expertise is imperative. The goal of this collaboration is not to turn scientists into social scientists or humanities scholars or vice versa. Rather, it is to create opportunities for graduate students and other SJTP members to gather around common objects and concerns (e.g., a greenhouse, climate change, or the use of racial categories in biomedical research). The program has drawn on a number of theories to develop these practices of gathering, but common to each is the commitment that research practices that are more porous to other disciplinary expertise are both more empirically rigorous and ethically responsive [25] [26] [27] [28] [29] [30] [31] [32] [33] .
These gatherings also help participants to reflect on the conventions of their own disciplines. For example, the fellows working on the solar greenhouse discovered that expectations of their program, the resources of their department, and established funding structures limited the questions they could ask in their dissertation research. Graduate education typically places heavy emphasis on transforming research into outputs easily recognized within disciplines, which can crowd out opportunities for innovating new relationships between disciplines [14, 34] . The SJTP gave them space and time to explore new questions, new methods, and new forms of collaborative inquiry that have opened up new research and teaching collaborations, making them stronger candidates for careers both inside and outside of the university.
The experimental, often informal feel of the Cocktail Hours (see Box 1) allows fellows to ask questions and have conversations that might not occur in more traditionally structured venues like laboratory meetings. They provide an atmosphere in which participants feel comfortable trying out only partially developed ideas, admitting to being uncertain or exploring research paths that do not traditionally fit into their home disciplines. These ongoing discussions break down barriers to communication and collaboration and create more nuanced understandings of science and publics that are more promising for building projects that address the ethical and political dimensions of science and technology.
As one example, the SJTP gave a fellow working on mathematical models of fishery conservation the chance to experiment with a project to address the lack of ecological data about subsistence fishing in an area of Sierra Leone. She used interviews, a method explored in the training program, to begin to develop localized knowledge about fish stocks. While SJTP initially helped by introducing her to new methods and providing institutional support to proceed with this project, the Cocktail Hours also gave her a space to return to after her time in the field where she could reflect on how a lack of mutual trust between her and interview subjects can hamper responsible data collection. She concluded that what at first appeared a problem (lack of data) that could be solved through research was in fact entangled with historical and political issues that required a broader perspective to navigate. SJTP has created this interdisciplinary space that enables critical reformulations of what collaborative practices with community members entails.
Sometimes this reformulation has led to the hard work of critically examining our own well-intentioned approaches to working across divides. SJTP's Climate Cluster, a subset of fellows who have backgrounds in civil engineering, politics, and environmental studies, sought to create public conversations that brought questions about social and environmental justice together with questions about the current state of knowledge in climate science. While sharing this common goal, when it came to planning and preparing for the interdisciplinary series, members of the Cluster found that they held different assumptions about which types of experts to invite and how to engage them. The Climate Cluster experience demonstrated that arriving at a shared vision for the events required practices of listening and negotiating different disciplinary approaches to constituting substantive public discussion. The procedures for communication and collaboration across disciplines, perspectives, and interests that they developed during these discussions laid the groundwork for future collaborative projects [35] . Using the panel series as a springboard, the Climate Cluster fellows successfully mobilized new collaborative groups comprised of academic and public and private sector actors. This led, for example, to the formation of a new Interdisciplinary Development Working Group that gathered at the Research Center for a day-long workshop entitled ''Rethinking Development in Light of Climate Change,'' with participants from academia and the public municipal sphere.
These conditions of collaboration highlight some important aspects of how we
Conviviality Comes First
Interdisciplinary research falters if it does not grow organically out of genuinely held mutual interests and concerns. Fostering interdisciplinary research requires creating spaces where mutual interests and concerns can be discovered without any rigid commitment to what the objects of research ought to be. To accomplish this goal, we have strived to build spaces that are inviting, friendly, and open to unexpected inspirations and connections. Work from our artists-in-residence hangs on the walls; the redwood forest outside of our Center windows provides a sense of possibility.
Cocktail Hours: Bi-weekly, late-afternoon informal meetings feature presentations of graduate student research, films, or seminars from visiting scholars. These are low-pressure, low-stakes conversations intended to be both fun and intellectually refreshing. Because the primary purpose of these meetings is to build familiarity and trust amongst our graduate students and closely involved faculty, they typically are not advertised on campus-wide listservs. Food and drink are provided by the Center.
Common Space: Establishing a permanent space on campus was important to the growth of our graduate program. Because space is often at a premium, and establishing access to a room can be arduous for graduate students, having a common space not associated with a department and that graduate students have access to at any time allows casual or spontaneous organization of collaborative work and informal seminars.
Working Group Meetings: Bi-weekly working group meetings are attended by people from all across our university and the local community. They depart from a typical colloquia format by inviting presenters to avoid giving polished PowerPoint presentations and to instead share a question or problem that would benefit from cross-disciplinary discussion. Presenters are encouraged to avoid jargon and the audience is encouraged to ask about unfamiliar terms and concepts. Attendees typically break at a midway point to share snacks and socialize, before resuming for a question and answer period. The social time allows members to meet or catch-up and to discuss the topic at hand in a more informal setting.
Interdisciplinary Seminars: The program does not endeavor to un-or rediscipline students because their projects need to be legible to their own disciplines. Rather, the aim is to create a space where common language and methods can be innovated together. Students are asked to bring in exemplars or elements of their objects of study as well as to learn to read these objects with different lenses that bring into focus the places where their objects of study meet questions of ethics and justice. Many of the methods used to cultivate these readings are inspired by the theories and methods of science and society scholars, but are heavily adapted in practice so that they are legible across disciplinary lines. Courses are cross-listed in each of the university's academic divisions, ensuring that students will receive credit hours that are recognized within their home departments.
understand 'justice,' and why we conjoined it with 'science.' The concept of justice contains a multitude of meanings. It is commonly assumed that we are either referring to the judicial or legal meaning, or only addressing traditional social justice concerns of rectifying longstanding structural inequalities. While both of these elements are certainly important to the program, the primary concern is to create the conditions for people with expertise in multiple disciplines to gather around, and in that process create a notion of the common good. Importantly, this common good is not built around a particular theory of justice. Rather, the goal has been to generate knowledge practices that are empirically robust, modest in scope, and responsive to the conditions of a just society that we envision together. In SJTP, justice operates in an aspirational sense to inspire the constructive modes of engagement across intellectual boundaries that make this knowledge possible.
Conclusion
A common theme in the experiences of the SJTP fellows has been the realization that there are many experts and publics with conflicting expectations about what counts as scientific responsibility and constructive public engagement. The SJTP's creation of legitimate institutional space that allows students to slow down and creatively address these differences fosters responsible science and engineering from the bottom up. It demonstrates that one aspect of creating successful engagements across so-called public and expert domains is to train experts who are able to respond to these differences and thus foster more open forms of collaboration. In a world increasingly shaped by science and technology, the SJTP aims to offer one pathway for science and engineering to connect to social issues and public concerns in a more practical, substantive, and thoughtful way.
